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THE EFFECT 0)?LATERAL AREA ON THE LATERAL STA131LITY

}-~,~CONTROL (J~ARA(_jTERIS~CSOF AN AIRpLA~~

AS DETERJ?INED BY TESTS OF A MODEL IN

THE LANGLEY FREE-FLIGHT TUNNEL

By Hubert iti.Drake

The effects of large variations of lateral area on
the lateral stability and control ckiaracteristics of a
free-flyi.i~gmodel when ailerons are used as the principal
control have been determined by fli:ht tests in the
Langley free-flight tunnel. The effects of tlielateral-
force parameter ICY:3(r=te of change of lateral-force

coefficient with arl~leof sideslip) were investigated
for a wide range of values of the directional-stability
parameter Cn[+ (rate of chanj:eof yELWi?2~-~OITU3?3t coeffi-

cient with anile of sidesli,p) and the rotary-damping-i.n-
yaw para_~~eter en (rate of change of yawing-moment coef-

r
ficient with yawing angyl~r velocity).

Although large values of %p
were found to increase

the lateral stability, a definitely undesirable effect
was obtained with large values of this parameter when
ailerons were usetl to raise a low wing or to make a
banked turn. ‘Yithlarge amounts of lateral area the
adverse yaw a.ccompanyin,gaileron rolls created adverse
side forces of sufficient magnitude to interfere with
the aileron control. This action was particularly objec-
tioi~ablefor low values of Cnn and CPA-. It is indi-

cated that decreasing will improve’ the over-all~Y.
P

lateral flight behavior.



2 NACA ARR NO, L5L05

I~T~f)DucT_J’oN

Theoretical considerations (reference 1) have
indicated that the stability of an airplane is affected
by the lateral-force parameter CYP (rate of change of

lateral-force coefficient with angle of sideslip). mj.s
~arameter has been given little consideration in the
past but, with the recent trer.dtoward cleaner airplanes
with small lateral area, particularly tailless a:rplanes,
interest in the effects of lateral area has increased.

In order to determine some of the over-all effects
of changes in lateral area on lateral Sta-bility and.con-
trol, an investigation with a fi-ee-flying dynamic model
has been made in the Langley free-flight tunnel. It
was already known that increases in lateral area would
increase the ease with which flat turns could be made by
use of the rudder and no attempt was consequently made
to measure this effect; rather, the interest was centered
upon the behavior of the model in ma~.euvers either with
ailerons alone or rudder coordinated with ailerons,

SYMBOLS AND COEFFICIETTTS

The forces and coefficients are measured with refer-
ence to the stability axes. The stability system of axes
is defined as an orthogonal system of axes having their
origin at the center of’gravity and in which the Z-axis
is in the plane of syrn?retryand perpendicular to the
relative ~~fnd, the X-axis is in the ~lane of symmetry and
perpendicular to the z-axis, and the-Y-axis is perpendicular
to the plane of symmetry. A diagram of these axes showing
the positive directions of forces
as figure 1.

()Liftlift coefficient —
CL qs

Cz rolling-moment coefficient

Cn yawing-moment coefficient

and moments is presented

(. )Rolling moment

qSb

(Yawing moment~
qSb )
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lateral-force coefficient
““”-( )

Lateral--force
qs

wing area, square feet

win~ span, feet

dynamic pressure,
()

1 2.”
pounds per square foot ~Pv

airspeed, feet per second

mass density of air, slugs per cubic foot

angle of sideslip, degrees

angle of yaw, degrees (for force-test data, *= -~)

rolling moment, about ~-axis

yawi,ng moment, about Z-aXiS

pitching moment, about ‘y-a~i~

rudder deflection

elevator deflection

angle of attack

time for oscillation to damp to one-half amplitude

period of lateral oscillation, seconds

radius of gyration about X.-axis, feet

radius of gyration about Y-axis, feet

helix angle generated by wing tip in roll, radians

rolling angular velocity, radians per second

yawing angular velocity, radians per second

,,, ,,, ,,, ,,,, .-
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rate of change of rolling-moment coefficient with
angle of sideslip~ per degree \bc#b P)

directional-s~abflity ?~.rameter~ that is, rate of
change fn ya~ng.m~mant coefficient with angle
cf sideslip, per degree (hen/dp)

rotary-dam? ing-i-n-yawparameter, that is> rate of
change of yawing-moment coefficient with yawing

angular velocity$ par radian
F’./’&]1-

lateral-force parometerj that isj rate of c~lange
of lateral-force coefficient with.angle of side-

AP?ARATWS

The in~;estiqation was conducted in the Langley free-
fli:ht tunnel, a’complete descri-ption of which is ~iven
in reference 2. A p-r,otographof the test section of the
tunnel with the model in flight is given as figure 2.
!?orce tests to determine the s~~.tic st~~ility cha~~c~er-
istics of t:hemodel were nuadeon the free-flight-tun-ne1
six-component balance (described in reference 3)s which
m.e.asuresmoments and forces about the stability axes.

W.lefree-oscillation m.eth.odemployed in reference 4
was used to determine experimentally the values of the
rotary-da~?ing-in-yaw parameter Cn . ‘Thesevalues were

derived from clam;~ingw.easurerner.tsof the model mounted
on a strut that permitted freedom in yaw.

J.three-view sketch of the model used in the tests
is shown as figure 3 and a phot~graplh of the model is
shown as figure LL. The test model was so designed that
vertical tails of different size (fig. 3) could be
mounted at various locations along the fuselage, both
ahead of and behind the center of &)ravity. Ten vertical
tails were used during ~kie tests. Eight of these tails,
two each.of tails 1 to ~ (fig. 3) Y were ge~metricallY
stmilar, Of the other tvm tails, one was extremely large
(tail 5) and the other was of low aspect ratio (tail 6).
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A photograph of the model with tail 5 in place is pre-
sented as figure 5, The dimensional. and mass character-
istics of the model used in the tests are given in ‘i&ble-l,

TESTS

Test Conditions

The flight tests of the model were made for a wide
range of values of the lateral-force paraneter CY

“P
over a range of’values of the directional-stability
parameter Cn and the rota.ry-danq?ing-in-ya~~?parameter C

P nr ●

Cb.(an~esirith-eseparameters were obtained by various
combinations of vertical-surface area and tail lengths
so that the l?.teral-force~a.rameter coi~ld be varied while .
the d<.r>ec’~iollal-sta~~.lit”yand rotary-d.an~pil~g-in-yal~
parameters were held cor.stant. ‘Thedihe?.ral was zero
for most of the tests.

The rurge of test conditions covered in the investi-
&a.tlorl.is shown i~.P!~;ure~ in the Iorm of slope values
obtained from tha force tests and the free-oscillation
tests of the various confiamrationso For most of the
tests, t-c-eval’~esof C:(P‘ cllq~ and cnr were varied,

k
respectively, fro-m-@.~~l~.to 40~2~1, fro~ -~.~o~o~
to 0.00260, and from -0.011 to -g.15B, The ratio between
-Cn and Cn was held at a convenient normal value of

r @
about 60:].for most tests, but no attempt was made to
maintain an exactly constant value of tlnisratio. In
addition, the model was tested with two configurations
havin~ a very high value of Cy (-o.0600) for two

large values of Cn P
and c For some tests the

P %’ “
vertical tail was removed and the minimum value of Cn

occurred ~..nthis condition ratkier than at the negative
r

value of Cn because, in order to obtain negative Cn ,
P ?

a vertical tail had to be added ahead of the center
of gravity.

Flight tests were arbitrarily made at a lift coef-
ficiep.tof 0..5for each of the conditions represented by
the test points shown in figure 6. In order to determine
the effect of lift ~~efficient, some tests were also made
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.ata lj.f’tcoeff’icf.erltof 1.0. Flights were m-ade f’oreach
test amanpjement by use of’ailerons alone or rudder
coordinated with ailerons for control.

The tote.1”aileron deflection used in the tests was
@. This deflection gave a v~lue of p‘o\2v Of about
0,07 as measured in rolls from level .fli~htwith rudder
fixed. For most of the tests the Eilerons were risj~ed.
r.p100 :n or~er to rniniwj.ze ‘c13e .ad.verseaileron yawing.

Flight tests were made at =~>proximately 0° effective
dihedral angle as indicated by force tests. The verticaJ.
tails were afidedabove or below the fuselage in order to
tnain-tafnt“heeffective dihedral angle as near 0° as
gossible . One exception vJas the test with tail 5, whilch
,gavea.pproxin.ately21.,~0effective Plihedra.lan~le.

~.poughout the tests, the V2SS characteristics ware
inaiiltd r~edconstamt at the ValLl~S given in table 1.

Fii@t Ratings

!I?hemodel was flown at each of the test conditions
represented by the parameter values in figure 6. Graduated
rating,sOilstability, control, and general flight char-
acteristics were asstgne~ each test condition from ;~ilot~s
observatio~as of the model in fii@;t. ‘The stability a.ncl
control ratings used were as follo?”:s:

I-
— —. -— .—,

; Rating Stabilit”j-or control ~
~-————— ‘~--- —.—-—-.

----!
i~ GO0il.

B F~ir I
,

c PoQr
D Ver;ipoor
~I DivergerIt.

i._______L__ 8
J

Plus or minus rat.in,~swere =’sigr.ed to indicate slight
but perceptible changes in the rs.tin~!.Notion-picture
records of same fli@lts v..eremade to :permitnmre careful
st]~d~;of ‘&.eflight ‘hahaV~.Orand there’oyto aid observers
in l?lakiifi~mere

.e.ccurate fli;?lrttir~,tlng,s..-
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,. . ..- . . ‘Thestability. rating of a ,,free=flyfngrn,odelin a
stable condition is generally determined in the free-
f’lighttunnel from the steadiness of flight in the rather
gusty air of the tunnel. A very stable model returns to
its original flight path more rapidly after receiving a
gust disturbance and,generally does not tend to move as
far from its original flight path as one with less stability.
Greater stab~lity is thus indicated by greater steadiness.
For unstable cond.ittons,however, the stability is judged
from the rate at which the model deviates from straight
and level flight and from the frequency of control appli-
cation required to maintain steady flight.

The control rating is detezmd.ned from the ease with
which straight and level flight is inaintained and from
the response of’the model to control applications designed
to perform maneuvers. Any unnatural lag or motion in the
wrong direction is judged as “poorcontrol.

The general flight ratings are based on the over-all
flying characteristics of the model. The ratings indicate
the ease with Which the model ce.n‘beflown, both for straight
and level flight e-r.dfor performance of the mild maneuvers
possible In the Langley free-flight tunnel. Any abnormal
characteristics of the model are generally judged as poor
ge~.eral flight behavior, inasmuch as they are disconcerting
to the free-flight-tunnel oilots.

The results of the investigation are sum.warized in
figure 7, which presents pilot?s ratings for t’hestability,
control, and general flight characteristics. ‘Thesta-
bility and control ratings are substituted. for the test
point values of figure 6 and are therefore representative
of various coilfigura.tions. It should be remembered that
these results were obtained at a dihedral angle of 0°
(CZ,2 =0), except for tail 59 and are strictly true only

forPthis dihedral angle; however, the qualitative effects
of cTrn are believed to be.unaffected by dih.eclral. The.
genera! effects of dihedral have been reported in refer-
ences 5 arid6.

. . . . . . ..—
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Effect of Cy$ on Stability

TMe stability ratings of figure 7 show that increasing

~y ~ while w.aintaini.ng Cn and
L P Cnr constant slightly

increased the stability. The results of stability calcu-
lations, made by the method of reference 7, are presented
in figure 8. The lateral-force parameter is given as a
function of the period of”the lateral oscillation (P) and
as a function of the time required for the oscillation to
damp tO one-half a.m~litude (T1/2). The results shOwili.n

figure 8,show the same treridnoted in the results of
figure 7. T%e increase in stability v,lthincreased Cy

for the smallest values of Cil
P

;s greatest
t

and Cllr.

The calculations also skio~~rthat c-f has ery little..p

effect on the petii.odOf t~fj lateral oscj.ll~tion.

Effect of’ Sye on Control.by Use of Ailerons

Tfi.~results of ft.gure7 show that increasing Cy(.

generally decreased 1the ease with.vfi~ichthe model cou d
be controlled with ailerons alcne or rudder coordin>.ted
with ailerons. ~he fjeter~firati~nin control was much
greater for the low values of

‘f these ~eriv~~~ve~~d Ci% than f’~rthe large values - ‘=” The reduction in
control with increased Cyp is explained as follows:

Wnen the model received a &st disturbance in yaw causing
it to sideslip, the pilot gave corrective aileron controi
to bring the model back on course. As a result of this
control application, the ~flott’el i~olled but the large side
force opposed the lateral component of lift that tended
to bring the model back to its original location in the
turine1. The.return to the ori@nal flight path was thus
abnormally slow. AS CY9 and, hence, the opposin~ side--

force was increased, the aileron.control became less
effective in restoring the model to its orfginal lateral
position in the tunnel. For another case, if the model
was in.straight level flight and the pilot applied aileron
control to perform a ms.neuver, the adverse yawing caused
by the aileron deflectl on and rolling introduced
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a side force in such a direction as to oppose the side
forc,e.produced..by the,angle.of bank. This effect caused.
the model to hesitate or move first in the wrong direc-
tion and was therefore considered undesirable.

Effect of Cy on General Flight Characteristics
P

The pilotts ratings for ~eneral flight character-
istics are presented in figure 7 together with those for
stability aridcontrol; These ratings are shown by the
separated.regions of figure 7(b) and indicate that the
pilot preferred the ease of control obtained witk.low
values of Gyp to the slight increase in stability

resulting from increased
cYl# Obviously, the ideal

~
configuration would be one that ~~?asboth very stable and
easily co-ntrolled. If low stability characteristics
necessitated a corprmise, the pilot~s rating indicated
a preference for ease of control. rathier than a slight
increase in stability. The tests showed that the quanti-
tative effect of varying ~YQ was dependent upon the

p
accow.pa.nyin~ values of nP‘c and Cnr ●F“

Large val-ues of CnQ and Cny, ●
- At extreiyely large

P .
values of Cn~ and Cn , such a.sare shown in tb.et’lying-.
bomb region ii figure 6: all fli.gh.tswere given an excel-
lent rating by the pilot despite the fact that two of the
configurate..onstested had extremely large values of CY .

E
For conditions in this region, the large amount of ‘-
directional stability limited to small values the side-
sli-p-oingdue to adverse aileron yaw.
force created by the large values of

As a reslult, the side

CYS was not large

enough to affect the a.ilero.ncontrol q>p$eciably.

Nod.crate values of CnB and C .- Then Cnrnr +
and Cnr

were reduced to values corres-pending to those of the
ordinary conventional airplanes large variations of CYR

appreciably affected the control of the model. For val~es
of c!

‘P
corresponding to a convention-al airplane with a

(
r8.therlarge tail C

np = 0.002!)O~, increasing Cy from
P
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small to large values caused a corresponding reduction in
general flight ratings from excellent to good- Ifij.th
smaller values of Cnfi and Cnr .\& )

= 0.001)+0 in the

conventional-airplane’ range the”chang~ in flight character-
istics with large increases in Cy was more ~ronounced

(excellent to fair) .
F

Small values of CnQ and CnW*- Flights mad-ein the
P

tailless-e.irplane region CC(+(
= 0.bOO14 to 0.00080~ were

satisfactory only for the “sm~llest values of ?Yp.

Increasing CY to larger values

?

in this region resulted

in very “tjO(>rf.ight beblavior.

~l~ghts :~ade at tb.e lowest ValUe Of cn~
(’c = O.0001~) in the tailless reg~-~n, alth~ugh very\ nfi

..-

con~roll.able (control ratirg$ A-) were gtven a general
flight ra-ting of only fair. ~his ratinlgwas given because,
although the model was stable ~n this configwationj it
had a long-period large-P.mpli.tud.eyawirig oscillation that
was objectionable to the pilot. The w.cdel flew very
steadily, however, because of the long period of the
oscillation. This flight behavior has been previously
r~p~r~ed fcr Other tailless desi~ns (w.od.elaridf-allSCale)
and was similarly objectiona”~le both to free-flight-tunnel
and airplane pilots. Increasing Cnfi to a val-ueof 0.00080

reduced tbe yawing oscillation to a kreat extent and
resulted in satisfactc’ry flights.

The nod.el was directionally divergent in i’1.ights
made with a negative value of Cn for values of Cv

P ““-P
equal to -0.0350 and -0.0105 and thus could not be
~iven a ,cor.trolrating, but was however given a ge~iera.1
flight r~+ti~~ Of very ~00~. The directional (divergence
at both.values of ~YE. was vary slow and the pilot felt

that tkiediver~ence could have been prevented with
independent rudder control had this contrcl been available.
In any case, t,heco~idition would have been given a general
flight rating of very poor because of’the unnatural control
required.

..
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Effect of lift coef’ficient.- Flights made at a lift
coefficient of 1.0 showed a negligible change in flight
‘behavior from corresponding flights made at a lift coef-
ficient of 0.5 and consequently no data are presented for
these tests.

In tests, made In the Langley free-flight tunnel,
in Wtltch .@-leronswere used as the principal control, it
was found that, althou~h large values oi? the lateral-force
parameter cY~ (rate of ch.ang,eof lateral-force coeffic-

ient with anile of sideslip) increased the lateral sta-
bility a definitely undesirable effect was obtained vhen
ailerons were used to raise a low wing or to make a
banked turn. This eff’ectwas particularly objectionable
for small values of’the directional-stability ‘garmeier Cnn

(rate of change of -yawin)g-nwnent coe~ficient with angle
P

of sideslip) and the rotary-damping-in-yaw parameter Cn

( rate of change of yawing -moment coeff.’icient with yawingL
angular ve].oclty). For such conditions the adverse yaw
accompanying aileron deflection created adverse side
forces sufficient to interfere with the aileron control.
The over-ail flight behavior of the model was considered
best with ,sma.11~raluesof Cy ●

P

For any value of %L~ the over-all flight character-

istics were improved by ificreasing C
‘P

and Cnr “
Increasing Cnm and Cnw was mcst effective at the sw-allest

values of Cy .
P“

Little c“nangein the fll.@-tcharacteristics was
caused by a change in lift coefficient from 0.5 to 1.0.

Langley Memorial Aeronautical Laboratory
lTationalAGvisory Committee for Aeronautics

Langley Field, Vs.,
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Figure 2.- Test section of Langley free-flight tunnel
with model in flight. CY . -0.0160; C

P ‘P
= 0.00080;

c= -0.064; CL = 0.5.
‘r
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Figure 4.- Three-quarter front view of model used in lateral-force
investigation in Langley free-flight tunnel showing tail 1
installed.



NACA ARR No. L5L05

-. ,,.

Fig. 5

Figure 5.- Side view of model used in lateral-force
investigation in Langley free-flight tunnel showing
tail 5 mounted on model.



NACAARR No. L5L05 Fig. 6

-.660—
.

.

-./09—

-.&4—
‘.025_
-.0//—
-,024—

— .0//

.,.

.0/0

/3
b @7

+’

8 .0%

Q
Q

f/yq-bomb region>

.@5— –– –- —
-~

— —
(*

$
6’
<
F
Q m3
b o f> -ordmwy conven7iom/-
~ 1

Q C7/rp/a~riglon
~~ - – .~ .* .- I 1 1 I 1

1
. . 1

7@///esa-rp&e&e @/on
.m/ / [

3 [
I

1
NATIONAL ADVISORY

oQ& ‘~ c’~ i COMMITTEE FoR AERONAUTICS

I I
$

0 - .0/ -.02
I

-.03 -.04 -.cu -.05 – .0/- J&P-l J2— - -A---. – 1. -

7

. .



!2

F7gwe Z- Pllof 5 si%b//l+y, coni%l, Qrd gweru/ fllghf ra+,

, 1

A+ A Excdlen+

/ -
*

II 1 / 1 1/ , , , I 1 1 1 1 I i II

u -Lz.4f -.W9 -a2 -.f16 -.OB -.024 -,02+ -.03/3
h+eri/-hne parame+er, Gyp

@ Confrd rm%g.

‘rigs cm de+ermm& m Lc?r@ey fm-{ljghi +unnd. ~= 05j ~ =0.

z
0
.

r’
ul
r
0
W



NACA ARR Noo L5L05 Fig. 8

3

0

—. ——

NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS

o -.m4 -.mel -.0/2 -Q/6 “.020
Lw%ed-force

figue a “ wGUkZl&i

oscillation of- /he
75rce investigation
+qnm/. CL = 0.S.

.




